Aim: To determine the enamel solubility and depth of demineralization with laser bleaching and impact of casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) when applied prior to and after laser bleaching.
INTRODUCTION
The dawn of the new millennium has brought about a change in the patients' expectations and perceptions about their dental treatment needs. This increase in demand for dentofacial esthetics is contributing to the development of newer bleaching materials and techniques which are faster, more effective and get completed in one visit (in-office). Bleaching agents (hydrogen peroxide and carbamide peroxide) are used, in combination with different light sources for the removal of stains, intrinsic and extrinsic. 1, 2 Most of these aforementioned techniques use a high concentration bleaching gel (35-40% HP or 30-35% CP) directly onto the tooth as well as employ an external light source to catalyze/expedite the reaction ultimately leading to a visibly whiter dentition in just a single appointment-a concept that has been popularly termed 'power whitening'. 3, 4 The science behind this concept is actually simple wherein the decomposition of hydrogen peroxide results into oxygen and perhydroxyl free radicals, which then oxidize the stained macromolecules and break them down into smaller fragments. These fragments then diffuse across the tooth surface, thereby lightening it thus producing the bleaching effect. To accelerate this reaction, heat, light, and lasers have been used with lasers being the recent yet the most preferred activation method. Berger et al in their study to compare conventional bleaching to laser assisted bleaching concluded that microroughness changes were significantly greater in the conventional office bleaching technique, and hence the laser bleaching could be considered a safer technique. 5 On the flip side, though the use of these activation methods have shortened the extensive treatment time, their direct contact with bare enamel has the potential to cause some matrix degradation clinically manifesting as sensitivity. 5, 6 This decrease in enamel microhardness (MH), its associated solubility, can be minimized by fluoride and/or casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) application aiming for a potential remineralization after the bleaching procedure.
Group 2
Casein phosphopeptide-amorphous calcium phosphate application for 5 minutes using a brush (as per the manufacturers instructions). The CPP-ACP paste was then wiped with cotton, followed by Opalescence Boost application (as per the manufacturers' instructions) followed by laser application using 36 mW/660 nm diode laser (Silberbauer, Low Level Laser, Austria) applied for 4 minutes at an energy fluence of 8.6 J/cm 2 .
Group 3
Opalescence Boost application (as per the manufacturers' instructions) followed by laser application using 36 mW/660 nm diode laser (Silberbauer, Low Level Laser, Austria) applied for 4 minutes at an energy fluence of 8.6 J/cm 2 followed by single application of CPP-ACP tooth mousse for 5 minutes using a brush (as per the manufacturers instructions). The CPP-ACP was later wiped away with cotton.
Group 4
Opalescence boost application (as per the manufacturers' instructions) followed by laser application using 36 mW/660 nm diode laser (Silberbauer, Low Level Laser, Austria) applied for 4 minutes at an energy fluence of 8.6 J/cm 2 followed by single application of CPP-ACP tooth mousse for 5 minutes using a brush (as per the manufacturers' instructions) followed by a short burst of laser application for 2 minutes using the same laser as before. The CPP-ACP was later wiped away with cotton.
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For the laser activation of the bleaching gel for all the groups, the laser was held at a distance of 1 mm from the bleaching gel. The bleaching gel was applied to a thickness of 1 to 1.5 mm and was agitated in between as recommended by the manufacturer.
Analysis of Calcium Loss
Immediately after the application of the bleaching agents for the prescribed time, the specimens were washed with a water spray and dried with blasts of air. Then, the enamel was covered with wax so as to expose a window area ( Each specimen was treated with 50 ml of solution in the polyethylene test tubes for 2 hours thrice daily (from 9 am to 9 pm) for 1 week. In between periods of immersion into demineralizing solution samples were immersed in distilled water (pH = 7.0) for 2 hours. From 9 pm to 9 am, teeth were incubated in distilled water.
But, we do not know whether maximum benefit can be obtained by pre-or post-treatment of teeth with these remineralizing agents.
Hence, the present study is a comparative analysis of the resistance to enamel solubility and demineralization following low level laser-assisted bleaching with pre-and post-treatment of teeth with CPP-ACP. Ten human premolars extracted for orthodontic purposes were rinsed in tap water and were cleaned of plaque and debris with a dental handpiece and brush. The buccal, lingual and occlusal surfaces were checked under a stereomicroscope and teeth with enamel defects or cracks were rejected. The selected 10 teeth were stored in 0.9% saline solution for 1 week and then rinsed in distilled water. Each tooth was sectioned buccolingually or buccopalatinally into two halves with a diamond disc. These halves were then sectioned longitudinally into two parts, so that four specimens were obtained from each tooth, total 40 specimens. These specimens were randomly assigned to one of the four groups' (10 specimens per group), ensuring that each part of every specimen would be in a different group. 6 All specimens were bleached using Opalescence Boost 40% (Ultradent Products Inc, South Jordan, USA) that was activated using diode laser unit 660 nm (Silberbauer, Low Level Laser, Austria). Casein phosphopeptide-amorphous calcium phosphate tooth mousse cream (GC Corp, Tokyo, Japan) was used as the remineralizing agent.
MATERIALS AND METHODS

Ethical
The specimens were randomly assigned into one of the four groups as follows:
• Group 1: Control (only laser bleaching).
• Group 2: Application of CPP-ACP paste followed by laser bleaching.
• Group 3: Laser bleaching followed by application of CPP-ACP paste.
• Group 4: Laser bleaching followed by application of CPP-ACP paste followed by a repeat short burst of laser application.
Methodology
Group 1
Opalescence Boost application was done (as per the manufacturers instructions) followed by laser application using 36 mW/660 nm diode laser (Silberbauer, Low Level Laser, Austria) applied for 4 minutes at an energy fluence of 8.6 J/cm 2 .
IJOLD
Each day, the test tubes were agitated. At the end of 7 days (1 week), solutions were tested for their Ca 2+ loss using the flame photometer (Systronics, India).
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Polarized Light Microscopic Analysis
Slices of thickness 100 ± 10 μm were obtained from the specimens using a hard-tissue microtome (Leica SP 1600, Leica Microsystems Inc, USA). The slices were immersed in distilled and deionized water, mounted on glass slides and the demineralization depth was analyzed in a polarized light microscope (Olympus dual stage, BX-51, Dual Mount Corporation, Minneapolis, Minn). The images were transferred to the computer via digital camera. The lesion depth was measured at three points from the enamel surface using computer software (Image-Pro Plus) and the values were expressed in micrometers (μm) to calculate the means.
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STATISTICAL ANALYSIS
The values obtained for calcium ion concentration (mg/ml) and the zones of demineralization (μm) were subjected to one way analysis of variance (ANOVA) for multiple group comparison followed by post-hoc Tukey's test for groupwise comparison.
RESULTS
At the end of 1 week, calcium ions released per mm 2 for all the groups were calculated cumulatively as shown in Table 1 . The demineralization depths for all the samples were determined by PLM (Table 2 and Figs 1A to D) . The highest release of calcium ions was shown by the control group (4.90 ± 0.64) followed by group 2 (3.24 ± 0.21) then group 3 (2.59 ± 0.44) and least by group 4 (1.27 ± 0.17) ( Table 1 and Graph 1) .
Similarly, the highest demineralization depth was shown by control group (41.45 ± 0.63) followed by group 2 (31.38 ± 0.71) followed by group 3 (28.75 ± 0.35) and least by group 4 (17.37 ± 0.70) ( Table 2 and Graph 2).
Thus there was a significant difference/effect of different treatments on enamel solubility and depth of demineralization. Accordingly referring to Tables 1 and 2 on descriptive statistics, it can be inferred that teeth exposed to treatment option no. 4, i.e. laser-post CPP-ACP and laser has least enamel solubility (1.27 μg/ml) and depth of demineralization (17.37 ± 0.70).
The loss of calcium and depth of demineralization in each of the test groups were compared with that of the control group using the repeated measures ANOVA. A statistically significant difference was observed among the groups (p < 0.05) ( Tables 1 and 2 ). Following application of post-hoc Tukey's test, a significant difference was found among all the groups for both calcium concentration and depth of demineralization.
DISCUSSION
Bleaching agents cause superficial structural changes in dentin 10 and enamel, 11, 12 and their low pH probably produces an effect similar to etching effect, thereby increasing the permeability of dentine. 13 Concentrated 30%
solutions of hydrogen peroxide can also reduce the microhardness of both enamel and dentin. This reduction can be noted with exposure times as short as 5 minutes for dentin and 15 minutes for enamel.
14 Studies by scanning electron microscopy (SEM) have shown that even a concentration of 10% carbamide peroxide, which ultimately breaks down in presence of saliva to 7% urea and 3% hydrogen peroxide, 15 alters enamel, causing surface dissolution and exposing a porous surface. [16] [17] [18] [19] Over the last few years, the 'in-office' bleaching technique has literally been revamped thanks to the availability of high concentration agents which can get activated by a host of light sources, be it halogen, plasma arc, LED or laser.
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However, the activation of bleaching agents by such thermocatalytic techniques has been questioned because of their potential to cause overheating of the pulpal tissue, thus, increasing the incidence of postoperative sensitivity as well as deleterious effects on enamel. [25] [26] [27] [28] Even lasers that have been used for such thermocatalytic activations have been seen to produce similar tissue damage owing to a significant increase in pulpal temperature. [29] [30] However, the point to be noted, here, is that almost all the previous researchers have employed surgical 'hard' lasers for the activation of bleaching agents typically those belonging to one of the following FDA approved wavelengths-Argon, CO 2 and 980 nm GaAlAs diode. On the contrary, several studies have confirmed the effectiveness of nonsurgical low-level 'soft' lasers for treating the hypersensitivity postbleaching.
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Figs 1A to D: Polarized light microscopy images-representative of one sample from all the groups: Tooth specimens subjected to laser bleaching only (A), pre CPP-ACP followed by laser bleaching (B), laser bleaching followed by post CPP-ACP (C), and laser bleaching followed by post CPP-ACP followed by short burst of laser (D) (*Demineralization zone)
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So, it is logical to reason the kind of effect that a low power laser could produce if it were to be used for activation of a bleaching gel, per se. Indeed, Pleffken PR et al precisely tried this and evaluated the efficacy of a 660 nm low level laser as an activating agent as well as studied its effect on the rise of pulpal temperature. They concluded that a low-power laser increased the efficacy of the bleaching gel with minimum increase in pulpal temperature, much below the deleterious level at which pulpal damage could even be anticipated. Hence, low level laser activation of bleaching gel seems to be an excellent option for providing desired esthetic results with almost zero collateral damage. Hence, we employed a 660 nm (Silberbauer, Low Level Laser, Austria) laser for this particular intervention. 7 Even on the economy front, a low power laser seems to score over its high power counterpart. The high power lasers are not only deleteriously thermal but are expensive as well. Low-level lasers are relatively inexpensive, portable and have multiple applications in several branches of dentistry thus making them a win-win proposition for the patient as well as the clinician.
Science behind the Bleaching Process and the Concept of Enamel 'Rebuild'
The strong oxidizing effect of hydrogen peroxide on the organic matrix of teeth plays a predominant role in the alterations observed in the color of the teeth postbleaching. The low pH of the bleaching agent, causing subsequent alterations in the mineral composition and decreasing enamel and dentin microhardness are an inseparable aspect of any whitening intervention. [34] [35] [36] [37] However, this decrease in enamel microhardness, and hence solubility can be minimized with the use of fluoride and/or CPP-ACP application, after bleaching, aiming for a potential remineralization provided by these agents.
Borges BC et al in their research used carbamide peroxides modified by CPP-ACP to study its effect on the microhardness of bleached enamel. They concluded that the use of a CPP-ACP paste with carbamide peroxide bleaching agents increased the bleached enamel's microhardness without delimiting the whitening efficacy. Literature also reports better penetration of these remineralizing agents when used in conjunction with the laser. Studies by Sobral MA et al 40 and Westerman GH et al 41 have proved the same. Our results showed that the combined use of low-power laser with CPP-ACP had the most significant impact as far as calcium dissolution was concerned. This was probably due to the fact that low-power lasers have an iontophoretic effect in driving the calcium and phosphate ions into the enamel matrix. The fact that this very matrix was previously subjected to a demineralization phase, because of the concurrent use of a high concentration bleaching agent, seems to have further enhanced this action.
In a similar study, authors had previously concluded that a low-power red laser could probably entrap Ca 2+ and PO 4 3-ions during an acidogenic challenge. 42 Our findings are in accordance to this.
Choice of the Bleaching Agent
Opalescence Boost 40% ® (Ultradent, South Jordan, Utah, USA), according to manufacturers' instructions, can be used as a standalone agent without needing any external light or laser for its activation. Still, we used it as the bleaching agent of choice as it contains a chromophore in carotene. Though it does not need any exogenous source for its activation, light or laser irradiation nevertheless accelerates the procedure, thereby minimizing the time of exposure of the enamel to a very high concentration of H 2 O 2 , i.e. 40%.
Laser before or after?
Although previous studies have shown better uptake of remineralizing agents when used in conjunction with laser irradiation there has been a controversy whether maximum benefit can be obtained pre-or post-laser application of these agents. Most of the authors have found that greater benefit is achieved by post-laser application of the remineralizing agents. 43, 44 Similar, result was obtained in the present study as well wherein post-laser application of CPP-ACP, samples exhibited lesser enamel solubility as determined by the calcium ion concentration in the demineralizing solution as well as decreased zones of demineralization on polarized light microscopic analysis.
The present study is the first study wherein an attempt was made to maximize the diffusibility of calcium and phosphate ions from CPP-ACP by introducing a new group (group 4) wherein post-laser application of CPP-ACP, another short burst of laser therapy was provided using the same 660 nm low-level laser.
This group was formulated on the assumption that a short burst of laser application following post CPP-ACP application could achieve enhanced permeability of the calcium and phosphate ions as a result of cumulative iontophoretic action as cited before. The results collaborated with our assumption and maximum resistance to enamel solubility and demineralization of enamel was seen in this particular group.
CONCLUSION
Low-level laser-assisted tooth whitening in conjunction with post-laser CPP-ACP application can provide exceptional resistance to enamel demineralization although further long-term studies are required to establish the strength of this association.
